Abstract: Real time outage information is required to the utility operators for outage management process. In addition to some basic information regarding the outage, post-outage system status will help to improve the response to outages and management of system reliability. This paper presents particle swarm optimization based reactive power estimations for branch outages. Post outage voltage magnitudes and reactive power flows results for IEEE 14 and IEEE 30 bus systems are given. Simulation results show that post outage voltage magnitudes and reactive power flows can be computed with a reasonable accuracy.
INTRODUCTION
Outage management is one of the vital tasks of smart grid environment. One of the aims of outage management is to assign and coordinate the necessary resources as well as to apply several switching actions to restore the required power as quickly as possible. Effective way of fast restoration requires information regarding the post outage status of the system. This study is therefore devoted to the estimation of post outage voltage magnitude and reactive power flow estimation following an outage of a branch in a power system. Line outage studies are not only the basic tools of security analysis but also interest of smart grids of the near future. Electric energy management system operators need to simulate effects of the outages of the power system components. This must be performed in real time in order to take the remedial actions in time as well as to apply the best switching strategy to restore the required power. AC load flow based outage analyses are not fast enough even for a moderate size system due to the large number of contingencies. Therefore, approximated models and fast solution algorithms are needed for practical applications. DC load flow was found to be fast and accurate enough for active power flow estimations (See Wood and Wollenberg (1996) ). However, it was impossible to handle reactive power flows and voltage magnitudes. AC load flow was later proposed for this purpose (See Lee and Chen (1992) , Ilic and Phadke (1986) , Taylor and Maahs (1991) ).
For voltage magnitudes and reactive power flows, the methods mentioned above have large computational errors because of the linearized network model implementations. One of the recent papers formulates line outage as a local constrained optimization problem in Ozdemir et al. (2003) and the problem is solved by Lagrangian function approach. The optimization is formulated for a bounded network consisting sending and receiving ends of the outaged branch and their first order neighboring busses. This approach brought some advantages in computational efficiency. Later, the problem was solved by genetic algorithms (See Ozdemir et al. (2005) ).
Optimization problems can be solved either by gradient based analytical methods such as the steepest descent method, conjugate gradient method, etc., or evolutionary based algorithms such as, genetic algorithms, particle swarm optimization, ant colony optimization, simulated annealing, differential evolution method etc. In this paper particle swarm optimization is preferred to solve the local optimization problem. Matlab oriented cost free power systems package Matpower (See Zimmermann et al. (2009) ) is used as a simulation tool.
Particle swarm optimization is one of the evolutionary techniques, and has been widely used in power system applications, such as economic dispatch problem (See Pancholi and Swarup (2004) ), state estimation problem (See Naka et al. (2003) ), optimal load flow problem (See Abido (2002) ), etc. in recent years. It is based on social behaviors of birds, fishes or any other populations that have swarming behavior.
The organization of the paper is as follows. Line outage modeling and formulation of the problem is introduced in the second section of the paper. In the third section, basics of particle swarm optimization method are given together with its implementation to line outage problem. Section four presents post outage voltage magnitude and reactive power flow estimations and associated errors for IEEE 14 Bus, and IEEE 30 Bus test systems. Finally, section five is devoted to the conclusions.
BRANCH OUTAGE MODELING
An interconnected power system transmission line's π equivalent, connecting two busses and the associated reactive power flows are given in Fig. 1 . Reactive power flowing through the line ij, transferred reactive power, and reactive power loss are represented by Q ij , Q T ij , and Q Li respectively. These reactive powers can be expressed in terms of system variables as follows. Local constrained optimization is solved in the bounded network which is composed of the first order neighbours of the outaged buses. Only load bus voltage magnitudes in this bounded region are taken into consideration during the computation process of the optimization problem.
The procedure for the existing method is as follows.
(1) Select an outage of a branch, connected between busses i and j, and number it as k. (2) Calculate bus voltage phase angles using linearized MW flows (see Wood and Wollenberg (1996) for details).
where, X represents the inverse of the bus susceptance matrix, P ij is the pre-outage active power flow through the line, and x k represents the reactance of the line at hand. If the voltage magnitudes are calculated, then the calculation of the busses included in the bounded network would suffice. (3) Calculate the reactive power transfer Q T ij between the busses. This power includes the increment due to the change in bus voltage phase angles. (4) Minimize the reactive power mismatches of busses i and j. This process is mathematically equivalent to the following constrained optimization problem. min wrt Qsi,Qsj
· is the Euclidean norm of a vector. Equation (6) is linear reactive power equation for load busses, △Q is reactive power mismatch vector, V is bus voltage magnitude vector and B is bus susceptance matrix. It should be stated that only two elements of △Q vector are nonzero and they are represented as shown below.
[△Q] :
On the other hand, we use subscript b to denote the bounded region where the optimization process is done.
For the case of a transformer with tap t, these values are given as follows.
[ first by Kennedy and Eberhart in 1995 (See Kennedy and Eberhart (1995) ).
In particle swarm optimization, population is called swarm and each individual in the swarm is called particle. A particle i, in iteration k has two attributes; position and velocity. Random initialization of the swarm positions can be performed as follows,
where, x max , x min show the maximum and the minimum positions that a variable can take, rand is a random number between 0 and 1, and x i 0 represents the position of a variable in the i th iteration. Swarm size is generally 15-30 times the number of variables. Random initialization of the velocity vector is shown below:
where, v max , v min show the maximum and the minimum velocities.
In each iteration velocity and position vectors are updated according to (11) and (12) respectively.
(12) where, w is the inertial constant, best i and best g k are the personal best and global best positions respectively. c 1 and c 2 are learning factors.
Finally the algorithm terminates if a predetermined stopping criterion is met, otherwise the process restarts. The flowchart of the pso algorithm is given in Fig. 3 . In all simulations, program parameters are chosen as follows:
Tables 1-4 illustrate the simulation results for several test systems. In the tables V AC repesents the post-outage voltage magnitude of a specific bus calculated by using full AC load flow where, V P SO symbolizes the post-outage voltage magnitude of a specific bus calculated by using PSO method. Err% represents the percentage error of the specific bus voltage magnitude, and is computed as follows.
On the other hand Q P F represents the post outage reactive power flow computed by AC load flow, Q P SO represents the post outage reactive power flow computed by PSO method. Q E represents the reactive power error and is computed as follows.
For IEEE 14 bus test system two outages are simulated. The first one is the outage of the line connected between bus-7 and bus-9 whose pre-outage reactive power flow is 5.77 MVar. The second one is the outage of the transformer connected between bus 5 and bus 6 whose preoutage reactive power flow is 12.42 MVar. Table 2 . Maximum reactive power flow errors are found to be 2.66 MVar and 8.17 MVar for the outage of the line connected between bus 7 and bus 9 and for the outage of the transfomer connected between bus 5 and bus 6, respectively. Even though the reactive power flow errors are high, they are less than the ones reported in the literature. These high computational errors are thought to be originated due to the size of the sample system and are expected to decrease for greater ones. Two outages are simulated for IEEE 30 bus test system. The first one is the outage of the line connected between bus 4 and bus 6 whose pre-outage reactive power flow is −33.14 MVar. The second one is the outage of the transformer connected between bus 5 and bus 6 whose preoutage reactive power flow is 22.85 MVar. Table 3 
